A case for inherent geometric and geodetic accuracy in remotely sensed VNIR and SWIR imaging products by Driver, J. M.
Johnie H. Drive r@@ 
The m u l t i s p e c t r a l  images produced by Landsa ts  1 ,  2 ,  and 3 have pro- 
vided valuable data  t o  a diverse  spectrum of users  worldwide and there  i s  
present ly  a growing demand for more and b e t t e r  data  of t h i s  kind. Techno- 
l o g i e s  a r e  under development t o  s a t i s f y  t h i s  g rowing  demsnd -- b e t t e r  
d t t ec to r s ,  new imaging modes, improved platforms, and innovative u t i l i z a -  
t i on  techniques. There is a compelling l eg i t ima te  concem, however, t h a t  
nev d a t a  t y p e s  be mergeable  w i t h  e x i s t i n g  d a t a  types.  To s a t i z f y  t h i s  
concern, there  i s  B tendency t o  force new data types  t o  f i :  e x i s t i ~ g  usage 
modes w i t h  an unnecessary e f f ic iency  i e p a i m e n t  t h a t  car: be grossly deb i l i -  
t a t i n g  w i t h  an i n c r e a s i n g l y  l a r g e  volume of da ta .  T h i s  paper  a r g u e s  f o r  
image acquis i t ion  concepts and processing methods which take proper advan- 
tage of nev imaging modes and accompanying technologies. The goal is t o  
provide delivery t imel iness  and throughput e f f i c i e n c i e s  commensurate wi th  
the volume of data  acquired. 
The i n h e r e n t  i n a c c u r a c i e s  i n  t h e  previous Landsat scanning imaging 
methoC rendered extensive image r e c t i f i c a t i o n  a n e c e s s i t y .  By c o n t r a s t ,  
the  inherent l i r e a r i t y  i n  so l id  s t a t e  l i n e  array imagers shows promise f o r  
allowing acquiz i t ion  of i r ~ a g e s  w i t h  inherent  geometrical  accuracy, !caving 
p l a t f o r m  dynamics a s  t h e  p r i n c i p a l  sou rce  of e r r o r .  B u t  new p l a t i o r m  
deVelGpmentS car! p o t e n t i a l l y  p rov ide  a c c e p t a b l e  s t a b i l i t y  and p o i n t i n g  
accuracy. Hence there  is a r e a l  prospect f o r  azquiring images w i t h  i n h e -  
rent  geometrical accu:;cy a t  l e s s t  f o r  ce r t a in  regions. Platforrc point inp 
adequacy, when coupled s i t h  adequate o r b i t  s t a t e  determination, can provide 
g e o d e t i c  accuracy  a s  well. F u r t h e r  r e s e a r c h  i s  r e q u i r e d  t o  de t e rmine  
condi t ions under which inherent ly  accurate  global imagery can be acquired 
both geometrically ?:.E geodet ical ly ,  and how such imagery can be processed 
t o  provide the h i g h  volume throughput deeandedalid the  required da ta  mer- 
geab i l i t y  as  well. 
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The long-range imaging objec t ive  i s  t o  provide information adequate t o  
s a t i s f y  the  perceived operat ional  mission needs. Pr incfpal  needs r e l a t e  t o  
QUality, t l 8 e l i n e s s ,  cont inui ty ,  coverage ,  usage d l v e r s i  t y ,  and economy. 
These needs  a r e  d i s c u s s e d  a t  some l e n g t h  In Refe rences  1 and 2 and a r e  
summarized i n  Table 1. This paper focuses on Wata Processing Efficiency" 
a s  d e s c r i b e d  under  t h e  second b u l l e t  of Table  1. The imaging system 
assumed Is o.?e which s a t i s f i e s  the  rembining requirements except f o r  Ther- 
mal I R  and Microwave Imiigery. The s p e c i f i c  imaging object ive as r e l a t e s  t o  
t h i s  ana lys i s  is t o  acquire  images anywhere on the globe unich a r e  inher- 
e n t l y  a c c u r a t e  both g e o m e t r i c a l l y  and geodetically.  Acquisition of such 
images w i l l  enable e f f l c l enc ieo  i n  processing w i t h  consequent r e l i e f  from 
t ime l ines s  and throughput problems t h a t  have plagued Landsats 1, 2, and 3. 
G e o m e t r i c a l l y  a c c u r a t e  images a r e  e s s e n t i a l  t o  a u t o m a t i c  i n f o r m a t i o n  
e x t r a c t i o n  a s  well a s  e x t r a c t i o n  of b o o t s t r a p  i n f o r m a t i o n ,  Le . ,  m i s s i o n  
p a r a m e t e r s  d e t e r m i n a t i o n  from image data. Qual i ta t ive  (Le., photointer-  
p r e t a t i v e )  use of images,  a 1  though f o r g i v i n g ,  is enhanced b y  geomet r i c  
accuracy a s  is a l s o  t h e  capabi l i ty  for  quan t i t a t ive  information ex t r ac t ion  
i n  a manual mode. Images w h i c h  a r e  not geometrically cor rec t  when acquired 
(inherent ' . j  accurate)  m u s t  be corrected by various time-consuming r o c t i f i -  
ca t ion  processes (image l i n e  r o t a t i o n ,  t r a n s l a t i o n ,  s t r e t c h i n g ,  warp ing ,  
etc.). Obtaining images which a r e  Inherent ly  accurate o f f e r s  t he  fol lowing 
important s c i e n t i f i c  advantages: 
a )  
b )  Provides the  poten t ia l  f o r  onboard inform-ition ex t rac t ion .  
c )  
d)  
Provides t imely quick-look information for reconnaissance ana 
episodic  events  ana lys i s .  
Avoids the  p a r t i a l  loss of s p a t i a l  and spectral lnformatioc which 
Allows timely ana lys i s  of a l a rge  volulce of high-resolution m u l -  
resampling typFcally incurs. 
t i s p e c t r a l  da ta  which couid be t o t a l l y  in t r ac t ab le  using 
conventional processing techniques. 
Geodet ic  accuFacy is e s s e n t i a l  for suci, processes as  multi-temporal 
coapar i som,  ground cont ro l  point improvement, d i g i t a l  mosaicking, auto- 
matic inter-image matching, automatic map updating, and map construct ion t o  
NHA standards. I f  the acquired Images are not inherent ly  accurate  gQOdet1- 
ca l ly ,  laborious ground control  point  f i t t i n g  m u s t  be employed whicb can be 
cos t ly  and s l o v  indeed whefi done automatical ly  by co r re l a t ion  techniques, 
pa r t i cu la r ly  without benefi t  of a good a estimated l o c a t i o n  With 
adequate knowledge of platform o r b i t  s t a t e  and instrument pointing direc-  
t i oc ,  data  can be acquired w i t h  inherent geodetic accuracy, making possible  
t h e  s c i e n t i f i c a l l y  important uses indicated above which would otherwise be 
too costly t o  consider on any massive scale. 
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TECHNICAL- 
?he technical  f e a s i b i l i t y  cf  acquir ing inherent ly  accurate  images i s  exa- 
mined here  i n  terms of a pa r t i cu la r  mission and imaging system concept and 
s p e c i f l c  funct ional  capab i l i t i e s .  The ana lys i s  considers error characte- 
ristics ( t y p e s ,  sGurces, and magnitudes) and conceptual compensation modes. 
The strawman concepts assumed f o r  t h i s  ana lys i s  a r e  summarized below but 
a r e  described i n  g rea t e r  d e t a i l  i n  References 1 ard 2. 
A land remote sensing mission i s  assumed using a f r e e  f l y e r  spacecraf t  
laur?ched from' WTR i n t o  a n e a r - c i r c u l a r  sun-synchronous o r b i t .  The  
spacecraft  is assumed t o  f l y  a t  882-km a l t i t u d e ,  o r b i t i n g  t h e  Earth every 
1 0 3  l o i n  in a con t iguous  swa th ing  coverage  p a t t e r n ,  comple t ing  a r e p e a t  
coverage c y c l e  i n  52 days  a f t e r  729 o r b i t a l  pe r iods .  S u r f a c e  spac ing  
between adjacent ground t rack3 occur one day apar t ,  separated by 55 kn! a t  
the  equator and decreasing separat ion along l a t i t u d e  l i n e s  a s  t he  cosine of 
l a t i  tude.  The 99-deg i n c l i n a t i o n  r e q u i r e d  f o r  sun-synchror i sm a 1  l ows  
orthographic imaging of a l l  regions of t h e  Earth below 81 de& la t i t ude .  
A pushbroom imaging concept  (Ref. 2) i s  u s e d  (Fig. 1 )  t o  image t h e  
land masses of the Earth i n  the  v i s i b l e  a n d  near in f ra red  (VNIR) and shcrt  
wave i n f r a r e d  (SYIR! s p e c t r a l  ranges.  Each image l i n e  I S  fcrmed by 41730 
contiguous de tec tor  elements arrayed nominally perpendicular t o  the space- 
c r a f t  ground track. Image exposure time is adjusted according t o  apace- 
c r a f t  a l t i t u d e  t o  form f o r  each pixel  a square Ground Instantanecus Field 
o f  View (CIFGV). Area a r r a r  d e t e c t o r s  a r e  used t o  a l l o w  a d i s p e r s i v e  
imaging  approach,  cna b l l n g  s e l e c t i v e  acqu i s i t i on  of E ! J ~  t i s p e c t r a l  ircages 
from any portion of the covered spec t r a l  range with high s p e c t r a l  resoiu- 
t i o n  and inherent  spec t r a l  reg is t ra t ion .  
Simultaneous u t i l i z a t i o n  of th ree  t y p e s  of imaging devices is  apsumec! 
tc. provide crthographic,  s tereographic  and a r b i t r a r y  s i t e  oblique imaging. 
Or thographic  imagery is provided  by t h e  n a d i r - o r i e n t e d  imaging device .  
T h i s  device w i l l  prcvide a complete and r e p e t i t i v e  se t  of t i m e l y  and synop-  
t i c  l s n d  a r e a  i s a g e s  on a near  g l o b a l  s c a l e .  T h i s  m u l t i s p e c t r a l  i n d g i n g  
device will emphasize uninterrupted coverage with high geometric and  geode- 
t i c  accuracy s u i t a b l e  for cartographic use. 
For stereographic  imagery, the nadir-oriented device is supplemented 
by two a d d i t i o n a l  i n s t r u m e n t s ,  o f f s e t  f o r e  and a f t ,  t o  a l l o w  con t inuous  
monospectral imaging of the  t e r r a i n  from three d i f f e ren t  vantage points  ir.  
space. Extremely high inherent geometric and geodetic accuracy I'or these 
s t e r e o g r a p h i c  imager s  i s  d e s i r a b l e  b u t  not  c r u c i a l .  T h i s  is due t o  t h e  
cornl.aratively l imi ted  data  volume these Instruments produce and the  charae- 
t e r i s t i c a l l y  re t rospec t ive  and s e l e c t i v e  data  usage mode expected. 
T h e  t h i r d  imaging  dev ice  i s  m u l t i s p e c t r a l  and p o i n t a b l e  and is used 
in t e rmi t t en t ly  t o  provide t i n e l y  coverage of rap id ly  changing phenomena a t  
a r b i t r a r y  imag!ng s i t e s  anywhere on the globe (Ref. 2). With a c a p a b i l i t y  
o f  p o i n t i n g  55 deg e i t h e r  a i d e  of' n a d i r  (Fig. 21, t h e  i n s t r u m e n t  w i l l  be 
capable  o f  next-day coverage of any po in t  on Earth and next-orbi t  coverage 
a t  h i g h  l a t i t u d e s .  Geometric and  g e o d e t i c  a c c u r a c y  f o r  t h i 3  i n $ t r u m e n t ,  
w h i l e  d e s i r a b l e ,  is  not c r u c i a l  -- i n  c o n t r a s t  w i t h  t h e  c r thograph ic  Imager -- s i n c e  t h e  chief In fo rma t ion  use depends on its i n h e r e n t  s p e c t r a l  regis- 
t r a t i o n  Instead. 
S p e c i f i c  c a p a b i l i t i e s  for t h e s e  t h r e e  imaging d e v i c e s  a r e  summarized 
i n  Table 2. Table 3 summarizes t h e  expected coverage c h a r a c t e r i s t i c s .  
T y p i c a l  image a b e r r a t i o n s  i n c i u d e  s c a l e  v a r i a t i o n s ,  d i s p l a c e m e n t ,  
d i s t o r t i o n ,  skew, and r o t a t i o n .  These a b e r r a t i o n s  a r e  common t o  a l l  imag- 
i n g  modes, but t h e i r  r e l a t i v e  importance d i f f e r s  from one mode t o  another.  
I n  t r a f  r am e ,  i n  t e rf ram e ,  s u a  t U- t 0-swa t h ,  and geode t i c r e g i  s t r a t i o  n a r e  
a f f e c t e d  by these  a b e r r a t i o n s  t o  va ry ing  degrees.  The fo l lowing  m a t e r i b l  
d i s c u s s e s  the  e r r o r  types,  p r i n c i p a l  causes ,  and g r o s s  magnitudes f o r  each 
imaging mode and exzmines i n h e r e n t  accuracy f e a s i b i l i t y .  
QrthoaraPhic m. Table 4 l is ts  t h e  c h a r a c t e r i s t i c  image abe r ra -  
t i o n s  expected f o r  t h e  o r thograph ic  Imager if no s p e c i a l  measures a r e  taken 
t o  o b t a i n  i n h e r e n t  acc \ i r acy .  The t a b l e  shows a r e a s  where  research  is 
reeded t c  f i n d  accep tab le  error compensation options.  
T h e  l i s t  i n  T a b l e  4 i s  d o m i n a t e d  by i n t r a f r a m e  e r r o r s ,  t h e  p r i m a r y  
d e t e r m i n e r s  o f  geomet r i c  accuracy. Image s c a l e  changes o f  2.4% t y p i c a l l y  
occur  d u e  t o  a l t i t u d e  Var i a t ions ,  d r iven  by t h e  combined e f f e c t s  cjf g r a v i t y  
h a r m o n i c s  and E a r t h  f l a t t e n i n g ,  h i n d e r i n g  one - to -one  c o r r e s p o n d e n c e  o f  
image p i x e l s  w i t h  predeterminec! geographic loca t ions .  These same a l t i t u d e  
c h a n g e s  c o u p l e d  w i t h  v e l o c i t y  v a r i a t i o n s  h inde r  e q u i l a t e r a l  p i x e l  dimen- 
s i o n s  on t h e  ground u n l e s s  coEpensated. 
Continual p l a t fo rm movement around t h e  p i t c h  a x i s  t o  ma in ta in  2 n a d i r  
o r i e n t a t i o n  g i v e s  r i s e  t o  keystone d i s t o r t i o n  i n  t h e  image, causing a shape 
l i k e  t h e  c e n t r a l  p o r t i o n  of a n  o r a n g e  s l i c e .  T h i s  d i s t o r t i o n ,  a l t h o u g h  
w o r s e  f o r  w i d e r  s u a t h  w i d t h s ,  a p p e a r s  e n t i r e l y  n e g l i g i b l e  for a 60-km 
swath.  
Frame s k e w  o c c u r s  when t h e  s p a c e c r a f t  m a i n t a i n s  a f i x e d  i n e r t i a l  
heading w h i l e  imaging t h e  r o t a t i n g  Earth. The r e s u l t a n t  image Is cclmposed 
of an a r r a y  o f  parallelogram-shaped p i x e l s ,  skewing the  frame. T h i s  aber- 
r a t i o n  may not pose any s e r i o u s  In fo rma t ion  e x t r a c t i o n  problem. The skew 
c a n  be removed by c o n t i n u o u s  y a w i n g  o f  t h e  s p a c e c r a f t  a s  a f u n c t i o n  o f  
l a t i t u d e .  However, t h i s  yaw r o t a t e s  t h e  image l i n e a  ar.d g i v e s  r i s e  t o  non- 
p a r a l l e l i s m  which can result  I n  l a r g e  re la t ive p i x e l  d i sp l acemen t s  a t  t h e  
Image frame edge. 
Ea r th  cu rvd tu re  causes  image l i n e s  t o  ove r l ap  toward t h e  frame edges,  
p a r t i c u l a r l y  for wide  s w a t h s .  T h e  i e s s  t h a n  1s o v e r l a p  e x p e c t e d  due t o  
E a r t h  c u r v a t u r e  s h o u l d  no t  s l g n i f f c a n t l y  i m p a c t  image  r a d i o m e t r y  and i s  
probably neg l ig ib l e .  Randole d i s t o r t i o n s  can occur  w i t h i n  an image frame 
b e c a u s e  of d r i f t ,  v i b r a t i c n  or j i t t e r  i n  t h e  I m a g i n g  p l a t f o r m  or i n s t r u -  
ment. If d r i f t  r a t e s  a r e  k e p t  t o  10,: deg/s, no se r ious  image impalrment 
should resu l t .  However, d r i f t  r a t e s  as l a rge  a s  deg/s give cause f o r  
cmcern  and would doubt less  r u l e  out obtaining inherent  geometrical  accu- 
racy a t  t L L  15-m pixel l e v e l  except for small swaths. 
S igni f icant  interframe,  swath-to-swath and geodetic errors stem p r i n -  
c ipa l ly  from navigation e r ro r s ,  a l t i t u d e  var ia t ions ,  and a t t i t u d e  cont ro l  
inaccwacies.  ErPors of these tyDes hinder mosaicking, mu1 t i  temporal com- 
parisons,  and map r e g i s t r a t i o n  Y i t h  accurate  models and su i t ab le  anc i l -  
l a ry  data ,  these e r r o r s  and those above can be compensated i f  necessary by 
post-processing. The goal,  however, i s  t o  obtain inherent accuracy. Hence 
compensation opt ions  a r e  needed onboard t h e  spacecraf t  so t h a t  the received 
images f o r  the most par t  are ready f o r  use. 
m. The pr inc ipa l  s tereographic  image aber ra t ions  
r e l a t e  t o  obtaining interframe r e g i s t r a t i o n  between a given pa i r  of images 
from t h e  t r i p l e t  obtained. The error types,  causes and expected magnitudes 
a r e  shoun i n  Table  5. The s c a l e  of one image d i f f e r s  rrom t h e  o t h e r  
because of d i f f e r e n t i a l  va r i a t ions  i n  imaging dis tance,  impairing pixel-to- 
pixel  coincidence betueen frames. O r b i t  dynamics, E a r t h  geometric f l a t t e n -  
i ng ,  and a t t i t u d e  c o n t r o l  e r r o r s ,  p r i n c i p a l l y  around t h e  p i t c h  a x i s ,  a r e  
t h e  major c o n t r i b u t o r s  t o  S tereographIC image s c a l e  e r r o r s .  Image d i s -  
p l a c a e n t s  hinder inherent  frame-to-frame correspondences. Earth r o t a t i o n  
is :he p r i n c i p a l  c o n t r i b u t o r  g i v i n g  r i s e  t o  a 27-km l o s s  i n  s t e r e o f r a m e  
everlap i f  not compensated (Fig. 3). I f  compensated by yawing the imaging 
platform, ds3uming the  focal  planes of a l l  three cameras a r e  r ig id ly  f ixed 
r e l a t i v e  t o  t h e  p l a t f o r m ,  Image l i n e  r o t a t i o n  o c c u r s  (Fig.  4) .  T h i s  l i n e  
r o t a t i o n  results i o  non-parallel Image l i n e s  (4.3 mrad midd le - to -o f f se t ,  
8.6 mrad b e t w e e n  o f f s e t  cameras)  a s  wel l  a s  a 1.7-km d e p a r t u r e  from geo- 
g r a p h i c a l  co inc idence .  I n  a d d i t i o n ,  a t  t l t u d e  c o n t r o l  e r r o r s  can cause  
s i g n i f i c a n t  l n t e r f r a a c  d i sp lacemen t  e r r o r s  u n l e s s  l i m i t e d  by a t i g h t e r  
s t a b i l i t y  r a t e  r equ i r emen t .  A more d e t a i l e d  a n a l y s i s  of s t e r e o g r a p h i c  
ircage aber ra t ions  is given i n  Ref. 3. 
Obllaue w. A l l  of the  generic geometrical  imaging e r r o r  types 
( I c t r a f r a m e ,  i n t e r f r a m e ,  swath- to-swath,  and g e o d e t i c )  a r e  found t o  a 
sSg.?ificant degree i n  t h e  oblique imaging mode, pa r t i cu la r ly  fo r  la rge  of f -  
nadir vieving angles and l a rge  swath w i d t h s .  Figure 5 ind ica tes  hou the 
laage x a l n  changes a s  a funct ion of off-nadir  viewing angle, assuming a 
f ixed imager f i e l d  of  view. The imaging dis tance Pariat ior ,  r e l a t e s  d i rec-  
t l y  t o  pixel sprdad alongtrack. The swath w i d t h  va r i a t ion  shows the  COD- 
bined e f f ec t ;  Qf increasia(;  imaging d is tance  and E a r t h  curvature. 
FigL - c  6 shows t h e  c h a r a c t e r  of t h e  i c t r a i m a g e  d i s c o r t i o n  caused by 
off-nac viewipg a t  la rge  angles. It is  noted t h a t  f o r  s u f f i c i e n t l y  small 
s w a t h  p o r t i o n s  (10-30 km), t h i s  keys ton ing  e f f e c t  can  be k e p t  t o  p i x e l  
le-1 across t h e  frame even a t  ‘arge off-nadir angles. 
A stable imaging platform is  of fundamental importance t o  acquiring 
images  with i n h e r e n t  g e o m e t r i c a l  accuracy .  A t t i t u d e  s t a b i l i t y  i n  t h e  
v i c i n i t y  of loo5 deg / s  is needed f o r  15-m CIFOV In a 60-km f rame  s ize .  A 
l a r g e r  frame s i z e  a t  the same reso lu t ion  impl ies  a point ing s t a b i l i t y  which 
is proportionately more precise.  Given inherent geometrical  accuracy w i t h -  
i n  the image, pointirig accuracy, or a t  least  accurate  point ing knowledge, 
becomes the  next iuji ll~n f o r  geodetic accuracy. Yhen coupled  w i t h  10- 
t o  15-• o r b i t  pos i t ion  knowledge, a O.OCl-deg point ing accuracy w i l l  enable  
geodetic r e g i s t r a t i o n  t o  within one 15-m pixe l  most of the  time. 
Beyond t h e  basic  p l a  tform requlrements, many mission parameters impact 
t h e  a t t a , - i a b i e  accuracy  a s  d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n .  F i g u r e  7 
suggests compensation opt ions  f o r  some of tbe po ten t i a l  image aber ra t ions  
encountered. Thp pr inc ipa l  cause of orthographic image aber ra t ion  is t h e  
image s c a l e  and p i x e l  shape errors caused by o r b i t  a l t i t u d e  v a r i a t i o n s .  
Methods and o p t i o n s  f o r  o r b i t  a l t i t u d e  c o n t r a 1  shou ld  be i n v e s t i g a t e d  
thoroughly  t o  a s s e s s  t h e  p o t e n t i a l  f o r  e r r o r  n i n i m i z a t i o n .  S u c c e s s f u l  
o r b i t  control ,  whether through o r i en ta t ion  and shaping, r e s t r i c t e d  region 
operation, or ac t ive  propulsion, w i l l  benef i t  a l l  imaging modes. Typical 
o r b i t  c h a r a c t e r i s t i c s  and expected devia t ions  are explored i n  Ref. 4-6. 
I n  p r inc ip le ,  c e r t a i n  instrument design f ea tu res  can be used t o  com- 
pensate f o r  po ten t ia l  image aberrations.  If a prac t i ca l  method is found 
for dynamic focal  length var ia t ion ,  image sca l e  problems could be essen- 
t i a l l y  overcome f o r  a l l  imaging modes. Alt i tude va r i a t ions  could be tole-  
r a t ed  f o r  orthographic imagery, geometrical f l a t t e n i n g  and o r b i t  dynaffiics 
could be compensated f o r  s tereographic  imagery, and the  e f f e c t s  of imaging 
dis tance va r i a t ions  f o r  a r b i t r a r y  s i t e  imaging could be ameliorated. If 
focal  plane r o t a t i o n  is f eas ib l e ,  image l i n e  r o t a t i o n  i n  Stereographic and 
o r t h o g r a p h i c  imagery need nc l o n g e r  be a prcblem. T h e  c a p a b i l i t y  f o r  
dynamic v a r i a t i o n  of image l i n e  exposure  time could  be a v e r y  v a l u a b l e  
instrument design feature.  T h i s  f ea tu re  would allow maintenance of square 
p ixe ls  w i t h  consequently grea te r  image r egu la r i ty  and s c a l a b i l i t y  even i f  
the overa l l  image s c a l e  changed w i t h  a l t i t ude .  Without var iab le  exposure 
t ime, instrument e l ec t ron ic s  redesign would br  required t o  obta in  square 
p ixe l s  and var iab le  reso lu t ion  a t  d i f f e ren t  nominal opera t ing  a l t i tudes .  
Given s u f f i c i e n t l y  accurate  anc i l l a ry  data,  compensation f o r  various 
image a b e r r a t i o n s  could  be performed onboard t h e  s p a c e c r a f t .  P r o c e s s e s  
such a s  geometrical  correct ion,  dynamic scal ing,  resampling t o  a ma? gr id  
and r e g i s t r a t i o n  t o  s t a r  references a r e  conceivable and  could enable inher- 
en t  geometric and geodet ic  accuracy i n  images t ransmi t ted  t o  the  ground. 
I f  i n h e r e n t  accu racy  is not  achieved  through t h e  v a r i o u s  p r o c e s s e s  
discussed above, prec ise  o r b i t  and a t t i t u d e  knowledge can s t i l l  be t rans-  
mit ted t o  the ground where var ious high-powered but cos t ly  and slow methods 
can be used t o  compensate f o r  remaining image aberrations.  
The c o n t i n u a l  p r o g r e s s  be ing  a a d e  i n  p e r t i n e n t  technology developments  
h e i g h t e n s  t h e  promise  and va lue  of o b t a i n i n g  i n h e r e n t  g e o m e t r i c a l  and 
g e o d e t i c  imag ing  accuracy .  The p r i n c i p a l  technology is t h e  so!. i d - s t a  t e  
imager developments which make possible t he  acqu i s i t i on  of high r e so lu t ion  
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images w i t h  high signal-to-noise content and with inherent  s p a t i a l  l i nea r -  
i t y  i n  a many-element l i n e  array. The extensions being made t o  a l l o v  a rea  
a r r a y s  make p o s s i b l e  inhereat s p e c t r a l  reg is t ra t ion .  Obtaining adequate 
geometrical accuracy onboard o f f e r s  the hope for optional  onboard informa- 
t i o n  ex t rac t ion  w i t h  consequent t ransmission of only t he  ex t rac ted  infoma- 
t ion t o  the ground. 
P o i n t i n g  p l a t f o r m  technology is i n d i c a t e d  by t h e  f r a c t i o n  of an  a r c  
second s t a b i i l t y  and accuracy (Ref. 7 )  promised f o r  the  Annular Suspension 
a n d  Pointing System (ASPS). W h i l e  t h e s e  d e v i c e s  a r e  s l a n t e d  p r i m a r i l y  
toward i n e r t i a l  point ing needs, extension t o  a nadir-oriented device w i t h  
up  t o  an order-of-  magnitude degradation would s a t i s f y  the  pr incipal  inhe- 
refit accuracy nkeds envisioned here. The N u l  t imiss ion  Hodular Spacecraft  
(HHS!, which is inherent ly  geared t o  E a r t h  observation needs (Ref. 61, a l s o  
shows promise f o r  providing the  loo5 d e d s  s t a b i l i t y  needed f o r  inherent  
geometric accuracy. 
Orbit pos i t ion  knowledge t o  1C m is t a rge ted  f o r  t h e  Global Posit ion- 
ic& System (CPS). T h i s  accuracy is commensurate w i t h  p ixel  leve l  geodetic 
accurzcy a t  15-• GIF@V. Long-ierrr; o r b i t  propagation t o  commensurate accu- 
r a c i e s  i s  po ten t i a l ly  a t t a i n a b l e  using precis ion propagators such a s  GSFC’s 
GE3DYN Program (Ref. 9). The repeat ing nature  of typ ica l  E a r t h  observation 
orb i t s  should allow construct ion and refinement of special ized geopotent ia l  
models su i t ab le  for o r b i t  p rea ic t ion  t o  very high accuracies,  pa r t i cu la r ly  
w i t h  refinement of atmospheric drag parameters and cont inual  updates of t he  
modeled atmosphere. 
Act ive  o r b i t  c o n t r o l  u s i n g  OMS p r o p u l s i o n  on S h u t t l e  m i s s i o n s  I s  
probably a viable  opt ion for short-term image compensatim. Active o r b i t  
c o n t r o l  u s i n g  onboard p r a p u l s l o n  I s  not  obv ious ly  p r a c t i c a l  f o r  free 
f l y e r s .  The p o t e n t i a l  for u s i n g  such  a n  o r b i t  c o n t r o l  mode should be 
determined. 
Continual improvements i n  computing speed, memory, and s i z e  ninimiza- 
t i on  increases  the opt ions fo r  onboard computation. Imaginative u t i l l z a -  
t i o n  o f  t h i s  c a p a b i l i t y  can a l s o  be a s t r o n g  f a c t o r  I n  t h e  a c q u i s i t i o n  of  
inherent ly  accura$e images. 
O v e r a l l ,  t h e  t echcology r e a d l n e s s  is such t h a t  a t t a i n i n g  i n h e r e n t  
geometric and geodetic accuracy i n  the acquired images is a r e a l  pos,sibil- 
i t y  and t h e  necessa ry  r e s e a r c h  and a n a l y s i s  t o  d e f i n e  more c l ea r ly  t h e  
opt ions  and requlrements I s  warranted. 
The CEOCYN o r b i t  propagator should be modified t o  compute nadir orien- 
t a t i o n  and o r b i t a l  pos i t i cn  r e l a t i v e  t o  a t r i a x i a l  e l l i p s o i d  r a the r  than an 
obla te  apberaid f o r  improved geode t i c  accuracy. 
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Continuing research i n  atmosphere modeling is needed t o  predict  more 
accurately the short-term va r i a t ions  i n  drag-related parameters. The cepa- 
b i l i t y  t o  a l l o w  f r e q u e n t  u p d a t e s  t o  t h e  a tmosphere  model i s  warran ted .  
Drag w i l l  c o n s t i t u t e  t h e  major  o r b i t  p r e d i c t i o n  u n c e r t a i n t y  for t y p i c a i  
low- a l t i t u d e  Earth observation missions. 
Procedures need t o  be developed f o r  c rea t ing  i n  rout ine  fashion spe- 
c ia l i zed  geopoteptial  models which take advantage of the  r e p e t i t i v e  nature  
of t y p l c s l  Ea r th  observation o r b i t s  t o  improve predic t ion  accuracy. Thus 
i t  8n c r  b i t  is modif ied  t o  p rov ide  a d i f f e r e n t  coverage  p a t t e r n ,  a new 
gaopotent la l  model of comparable accuracy w i l l  s ho r t ly  ensue. 
Research is needed t o  a s s u r e  t h a t  f o r  bo th  f r e e  f l y e r  and S h u t t l e  o r  
Space Platform missions, t h e  capabi l i ty  will e x i s t  t o  provide a degis  
or betber platform s t a b i l i t y  and point ing cont ro l  accuracy or knowledge as 
a minileum t o  0.001 deg for a nadir-oriented imaging platform. 
Methods of  c o n t r o l  for o r b i t  dynamics a r e  needed t o  d e f i n e  t h e  
requirements and l i m i t a t i o n s  on f rozen  o r b i t s ,  c o n s t a n t  altitude? o r b i t s ,  
m i n i m u m  a l t i t u d e  va r i a t ion  o r b i t s ,  coverage pa t t e rn  maintenance, and a c t i v e  
o r b i t  shaping u s i n g  onboard propuls ion  
A de ta i l ed  inves t iga t ion  is needed  t o  detormlne the  precise  geometri- 
c a l  c h a r a c t e r i s t i c s  of acquired images on a r e p r e s e n t a t i v e  Ea r th  s u r f a c e  
f o r  a c c u r a t e l y  modeled o r b i t s ,  s h o v i n g  geOgi-apbiCal dependence and t h e  
e f f e c t s  of t yp ica l  off-nominal mission cha rac t e r i s t i c s .  
There is a po ten t i a l ly  h igh  payoff i n  acquired image qua l i ty  i f  dyna- 
mic va r i a t ion  of instrument parameters can be implemented i n  a prac t i ca l  
way. S igni f icant  research i s  warranted t o  f i n d  a r e l i a b l e  mechanization 
for  var iab le  foca l  length f o r  imaging d is tance  compensation on spaceborne 
t e l e s c o p e - t y p e  ins t ruments  o f  t h e  k i n d  e n v i s i o n e d  f o r  Ea r th  o b s e r v a t l o n  
mis s ions .  S i m i l a r l y ,  a mechanism is needed t o  provide  commanded f o c a l  
plane r o t a t i o n  one cycle each o r b i t  f o r  thousands of o r b i t a l  revolutions.  
T h i s  mechanism would be used t o  maintain image line parallelism i n  image 
frames. 
Dynaspic va r i a t ion  of image l i n e  exposure t ime is simple t o  implement 
i n  p r inr ip le .  However, there  a re  doubt less  unforeseen imylica t i o n s  in the 
r e s u L t i n g  v a r i a t i o n  of d a t a  a c q u i s i t i o n  r a t e s  and p o s s i b l y  some image 
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radiometry impl ica t ions  as well. Research is needed t o  f ind  an acceptable 
implementation scheme, thus allowing f r e e  va r i a t ion  i n  o r b i t  a l t i t u d e  and 
image r e so lu t ion  without d i s t o r t i o n  i n  p ixe l  ahapes. 
A22xuuw 
It has been shown t h a t  s ign i f i cen t  abe r ra t ions  can occur i n  acquired images 
which, u n l e s s  codpensa ted  on board t h e  s p a c e c r a f t ,  can s e r i o u s l y  i m p a i r  
throughput and t imel iness  for typ ica l  Earth observation missions. Concep- 
t u a l  compensations opt ions were advanced t o  enable acqufsi  t i on  of images 
w i t h  inherent  geometric and geodetie accuracy. Research needs were iden t i -  
f l e d  which, w h e y  implemented,  w i l l  p rov ide  i n h e r e n t l y  a c c u r a t e  images.  
Agressive pursui t  of these research needs is recommended. 
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Table 1. Perceived Operational Mission Needs 
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.Table 3.  Coverage Characteristics 
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Fig .  6 .  Keystcn? C i s c p r t i u n  Due t o  Cff-Kadir 
l aag ing  on a Spherical  EL;rth 
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.Fig. 7 .  O p t i o t i s  for Compensat ing O r b i t  Dynamics 
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